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Abstract 17
Assessing the immediate and long-term evolutionary consequences of human-mediated 18 hybridization is of major concern for conservation biology. Several studies have documented how 19 selection in interaction with recombination modulates introgression at a genome-wide scale, but 20 few have considered the dynamics of this process within and between chromosomes. Here, we 21
used an exploited freshwater fish, the Brook Charr (Salvelinus fontinalis) for which decades of 22 stocking practices have resulted in admixture between wild populations and an introduced 23 domestic strain to assess both the temporal dynamics and local chromosomal variation in 24 domestic ancestry. We provide a detailed picture of the domestic ancestry patterns across the 25 genome using about 33,000 mapped SNPs genotyped in 611 individuals from 24 supplemented 26 populations. For each lake, we distinguished early and late-generation hybrids using admixture 27 tracts information. To assess the selective outcomes following admixture we then evaluated the 28 relationship between recombination and admixture proportions at three different scales: the 29 whole genome, chromosomes and within 2Mb windows. This allowed us to detect the signature 30
of varied evolutionary mechanisms, as reflected by the finding of genomic regions where the 31
introgression of domestic haplotypes are favored or disfavored. Among these, the main factor 32 modulating local ancestry was likely the presence of deleterious recessive mutations in the wild 33 populations, which can be efficiently hidden to selection in the presence of long admixture tracts. 34
Overall, our results emphasize the relevance of taking into consideration local ancestry 35 information to assess both the temporal and chromosomal variation in local ancestry toward 36
better understanding post-hybridization evolutionary outcomes. 37
Introduction 38
Understanding the evolutionary consequences of voluntary or involuntary anthropogenic 39 hybridization is of major concern for conservation biology (Waples, 1991; Allendorf, 2017; 40 McFarlane & Pemberton, 2018). Indeed, anthropogenic hybridization may affect fitness 41 components (survival, growth and reproduction), which may in turn impact population dynamics, 42
genetic diversity and long-term viability (e.g. Allendorf Therefore, considering both the time since hybridization has occurred and the 60 recombination rate variation along the genome is critical to distinguish between the immediate 61 and long term consequences of admixture (Harris & Nielsen, 2016; Harris et al., 2019) . Since 62 recombination is expected to progressively reduce the length of introgressed haplotypes across 63 generations following initial admixture (Racimo et al., 2015) , the length of introgressed 64
haplotypes can be used as a proxy to estimate the time since hybridization (Gravel, LGs to assess convergence. Prior to running ELAI, we retrieved the relative mapping positions of 175 our makers along each chromosome after controlling for synteny and collinearity between the 176
Arctic Charr and the Brook Charr genomes. To identify blocks of conserved synteny between the 177 two species, we anchored both the Brook Charr and the Artcic Charr linkage maps ( http://bio.njfu.edu.cn/vgsc-web/). We were thus able to order RAD loci (that were assembled 182 against the Arctic Charr reference genome) with respect to their relative positions along each of 183 the 42 the Brook Charr LGs before running ELAI. We then performed local ancestry inference 184 separately for each population, using the 33 domestic individuals as a source population and the 185 wild caught individuals as the admixed population. For each LG in each of the 24 populations, 20 186
replicate runs of ELAI were performed with the number of upper clusters (-C) set to 2 (i.e. 187
assuming that each fish was a mixture of domestic and wild populations), the number of lower 188 clusters (-c) to 15, and the number of expectation-maximization steps (-s) to 20. Finally, the 189 number of admixture generations (-mg) was estimated using the mean year of stocking and the 190 approximate mean age at maturity of 3 years and ranged from 3 to 16 generations (Table 1) . We 191 then generated individual domestic ancestry profiles by plotting the estimated number of 192 domestic allele copies for each replicate run and its median along each LG with R (Team, 2015) .
193
The pipeline we used is available on GitHub 194
(https://github.com/mleitwein/local_ancestry_inference_with_ELAI). We then compared the 195 percentage of domestic ancestry computed here with ELAI to the previous study from 
Estimation of domestic ancestry tracts length and number 199
The number and length of domestic tracts were determined based on the positions of junctions 200 retrieved from ELAI ancestry dosage output, following the method used and detailed in Leitwein 201 et al. (2018) . When the ELAI domestic ancestry dosage median value was comprised between 202 8 [0.9 to 1.1] and [1.9 to 2], we considered the presence of one domestic tracts (i.e. in 203 heterozygous state), and two domestic tracts (i.e. in homozygous state), respectively. Junction 204 positions within "uncertainty areas" (when the domestic ancestry dosage was either comprised 205 between 0.1 and 0.9 or between 1.1 and 1.9) were determined as the position where the 206 domestic ancestry dosage crossed the 0.5 or 1.5 value (see Leitwein et al. (2018) for details).
207
Junction positions were used to estimate the number and length of introgressed domestic tracts 208
for each of the 42 LGs in each population. 209 210
Hybrids class determination 211
In order to define hybrid categories with respect to the number of generations of crossing in 212 nature, we computed the Chromosomal Ancestry Imbalance (CAI) developed by Leitwein et al.,
213
(2018). Briefly, the CAI represents the cumulated length differences of the domestic ancestry 214 between the two parental chromosome copies divided by the respective linkage group length. 215
Thus, pure domestic or pure wild individuals have a CAI of 0 whereas F1 hybrids between wild 216
and domestic parents have a CAI of 1. Due to uncertainty concerning individual haplotype 217 structure (i.e. local ancestry profiles were inferred from unphased domestic ancestry dosage), we 218
could not precisely determine the CAI of admixed genotypes resulting from several generations 219 of admixture. Therefore, we conservatively classified individuals as early-generation hybrids 220
when their CAI was equal or higher than 0.25, and as late-generation hybrids when their CAI was 221 equal or lower than 0.125. Early generation hybrids therefore correspond to F1, F2, first 222 generation backcrosses and other types of crosses generated among hybrids and parental 223 pedigrees during the first generations of admixture. By contrast, late generation hybrids 224 comprise genotypes that are mostly made of wild-type ancestry, while being introgressed by 225 varied proportions of domestic alleles. In both hybrid categories, we removed individuals with a 226 genome-wide percentage of domestic ancestry higher than 60% (see Figure Sup 1 ) in order to 227 exclude individuals with a mostly domestic ancestry. This won't impact the following analysis as 228 these individuals are probably pure domestic individuals or hybrids between F1 and domestic 229 parents; this concerns only six individuals ( Figure Sup1 ). 230 231
Impact of stocking on domestic haplotype number and length 232
We first assessed the relationships between domestic tract characteristics and the four variables 233 reflecting the stocking history (i.e., the mean_year, the nb_stock_ev, the mean_stock_fish and 234 the total_ha; Table 1 ) using linear mixed models. The mean percentage of domestic ancestry, the 235 number and length of introgressed domestic tracts were treated as dependent variable whereas 236 the stocking variables were introduced in the model as explanatory terms in an additive way, 237
with no interaction to avoid model over-parameterization. The dependent variables were log-238
transformed and the explanatory variables were scaled (i.e., centered and reduced). The 239 population (24 populations) and the region (two regions, Mastigouche and StMaurice) were 240
introduced as random effects in the model. Normality of the residuals was examined graphically 241 using a quantile-quantile plot. We used a likelihood ratio test to assess the significance of the 242 tested relationship by comparing the models with and without the explanatory term. We 243 calculated marginal R² to quantify the proportion of variance explained by the explanatory 244 variable only. All analyses were performed in R using the package "lme4" ( regression method was used to assess the recombination rate with a degree of smoothing (span) 275 set to 0.9. Finally, to estimate the recombination rate of markers that were not included in the 276 linkage map, we computed the weighted mean recombination rate using the two closest markers 277
based on their relative physical positions. 278
279

Relationships between domestic ancestry and recombination rate 280
To investigate the selective forces shaping the domestic ancestry pattern along the genome, we 281 took in consideration the recombination rate. Indeed, a positive correlation between 282 recombination rate and domestic ancestry rate reflect selective forces against domestic ancestry 283 in low recombining regions. Inversely, a negative correlation will reflect selective forces favoring 284 domestic ancestry in low recombining regions. As the recombination rate is highly variable along 285 the genome, we investigated the relationship between the local domestic ancestry rate and the 286 recombination rate at three different levels: (i) at the whole genome level, (ii) at the linkage 287 group level and (iii) within 2Mb windows. For the three levels, we used regression models in 288 which the local domestic ancestry rate was treated as dependent variable and the recombination 289 rate was incorporated as an explanatory term. In all models, domestic ancestry rate was log-290 transformed and the recombination rate was centered-reduced. At the whole genome level, we 291
used a linear mixed model in which the linkage groups and the 2Mb windows were introduced as 292 random effects. By doing so, we considered the non-independency of the domestic ancestry rate 293 estimates by specifying that the estimates belong to a given window within a given linkage group. 294
The hybrid class (early and late) was also added as an explanatory term in an interactive way 295
(recombination × class). The marginal R² describing the proportion of variance explained by the 296
fixed factors (i.e. the recombination rate and the hybrids class) was calculated and we assessed 297 the significance of the hybrid class effect using a likelihood ratio test. At the linkage group level, 298
in order to avoid model over-parameterization, the analyses were performed separately for the 299 early and late hybrids. A linear mixed model was built for each of the 42 linkage groups and the 300 2Mb sliding window was introduced as a random effect in all models. The slope coefficient (and 301 the 95% CI) of the relationship between domestic ancestry rate and recombination rate was 302
reported for the 42 linkage groups. At the 2Mb window level, generalized linear models were 303 built for each window containing at least 5 positions with an estimated recombination and 304
introgression rate (resulting in 689 models) because a regression analysis could not be performed 305
with fewer values. The slope coefficient and its 95% CI were reported for each sliding window. In 306 all models, the significance of the effect of the explanatory terms was assessed with a likelihood 307 ratio test. All analyses were performed in R using the package "lme4" (Team, 2015) . 308 309
Relationships between potentially deleterious mutations and ancestry rate 310
All SNPs present in all populations were used for the identification of potentially deleterious 311 mutations. a threshold of -2.5 in Provean score was applied to distinguish between nonsynonymous 320 mutations potentially deleterious (-2.5) and neutral (>-2.5). In PROVEAN, the deleteriousness of 321 a variant can be predicted based on its effect on gene functioning (such as protein changing, 322
stop-gain, stop-lost), for example by assessing the degree of conservation of an amino acid 323 residue across species. The pipeline used for the entire process is available on github 324
(gbs_synonymy_genome: 325 https://github.com/QuentinRougemont/gbs_synonymy_with_genome). 326
To evaluate the relationship between the presence of potentially deleterious mutations and the 327 domestic ancestry rate as a function of recombination rate, a mean domestic ancestry and 328 recombination rate was estimated in a window size of 400Kb surrounding the position of the 329 potentially deleterious mutation (i.e. 200Kb before and after). The analysis was performed at the 330 genome-wide level and linkage group level. For both levels, we first applied a regression model in 331
which the mean 400Kb window domestic ancestry rate was treated as a dependent variable and 332 the associated recombination rate window was incorporated as an explanatory term. At the 333 genome-wide scale, a linear mixed model was performed and linkage groups were incorporated 334 as random effect and the recombination rate as a control co-variable. We then performed a 335
linear model in which the residuals of the model (domestic ancestry rate ~ recombination rate) 336
were included as a dependent variable and the presence of potentially deleterious alleles 337
(Provean score<-2.5) or neutral (Provean score >-2.5) as an explanatory term (i.e. discrete 338 variable with two modalities, "deleterious" vs "neutral"). At the linkage group level, similar linear 339 models were built for each linkage group. 340
341
Results 342
SNPs calling 343
Demultiplexed and cleaned raw reads resulted in an average of 2.38 million reads per individual. 344
After filtering, 636 individuals were kept for further analyses. 
Influence of stocking history on domestic tract number and length 366
No significant relationship was found between the mean number of years since stocking or the 367 intensity of stocking and the mean individual percentage of domestic ancestry within each 368 population (Table Sup. 1). However, the number of domestic tracts tended to be higher for 369
populations that have been supplemented enhanced more than 30 years ago. Indeed, a 370 marginally significant positive relationship was detected between the mean number of domestic 371
tracts and the number of years since the mean year of stocking (R²=0.08, p-value=0.06, Figure 1 
Domestic tracts characteristics as a function of hybrid classes 379
The mean number of domestic ancestry tracts was significantly lower for the late hybrid 380 individuals (mean number = 8.01) compared to the early hybrid individuals (mean number = 46.31) 381 (Figure 2 A, R²=0 .22, p-value <2.2e-16). Moreover, the mean length of the introgressed domestic 382 tracts was shorter for the late hybrid (mean length = 14,6 Mb) compared to early hybrid individuals 383
(mean length =19,7 Mb bp) (Figure 2 B, R²=0 .06, p-value < 3.9e-10). 384 385 386
Domestic ancestry and recombination rates 387
The genome-wide level of domestic ancestry rate was estimated for both early and late hybrid- found ( Figure Sup. 4A) . Thus, two linkage groups displaying an excess (LGs 9 and 12) and one 397 displaying a local deficit of domestic ancestry (LG 14) were found both in early and late hybrid-398 generations. 399
Figure 2 Domestic tract features and hybrid generations (early and late). The number (A) and the length (in bp) (B) of domestic tracts as a function of the hybrid categories; early (in pink) and late (in blue). Boxes indicate 95% CI, horizontal line represents the mean and violins indicate the density
The local recombination rate (r) was estimated at 10,740 SNPs out of the 11,803 SNPs and was 400 found to be highly variable within and among linkage groups, with a mean value of 4.48 cM/Mb ± 401
1.83 ( Figure Sup. 4B ) over the 42 linkage groups. At the genome-wide scale, for both early and 402 late-generation hybrids, a negative correlation was found between the proportion of domestic 403 ancestry and recombination rate ( Figure 3A ; slope coefficient = -0.07, =-0.09; p-404 value<2.2e-16). The marginal R² was equal to 0.90, the likelihood ratio test was significant for the 405 recombination rate ( Recombination = 441.7, p-value<2.2e-16), the hybrid class ( Hybrids = 60420, p-406
value<2.2e-16) and the interaction between recombination and the hybrid class 407 ( Hybrids_interaction =177.57; p-value<2.2e-16). Moreover, the interaction between recombination 408 rate and hybrid class was significant ( =2.8; p-value<2.2e-16), indicating a stronger 409 negative correlation between introgression and recombination rate in late compared to early-410 generation hybrids. 411
The results of the linear mixed model fitted at the linkage group level are presented in Figure 3B 412
(mean and 95% CI) for both hybrids classes. For the late-generation hybrids, 10 linkage groups 413
showed a significant positive correlation and 14 linkage groups showed a significant negative 414 correlation between the domestic ancestry rate and recombination rate ( Figure 3B ). For the 415 early-generation hybrids, nine and 12 linkage groups respectively showed a significant positive 416 and a significant negative correlation between the domestic ancestry rate and recombination 417 rate ( Figure 3B ). Eight linkage groups displayed significant negative correlations between the 418 domestic ancestry and recombination for both early and late-generation hybrid classes, whereas 419 only 3 LG consistently showed positive correlations. Conversely, three LGs presented opposite 420 correlations between the early and the late-generation hybrid classes (LGs 7, 19 and 34). 421
We then focused the window-scale analyses on late-generation hybrids only because the effect 422 of selection needs more than a few generations after hybridization to leave detectable footprints 423
at such a local scale. The estimated slopes of linear models performed for each 2Mb sliding 424 windows in late-generation hybrids were highly variable within and among linkage groups, and 425 several genomic regions exceeded the 95% confidence interval of the estimated distribution 426 (grey lines; Figure 3C ). For example, 12 genomic regions showed a strong positive (e.g.
LGs 7, 8, 427
13, 16, 24, 40) correlation and 15 genomic regions showed a strong negative correlation (e.g.
LGs 428
2, 12, 22, 24, 29, 38, 40; Figure 3C ) between local domestic ancestry rate and recombination 429 rate. 
Potentially deleterious mutations 438
Among a total of 141,332 sequences that were blasted against the Arctic Charr reference 439 proteome (Christensen et al., 2018) , 36,743 loci had significant hits and were retrieved. Among 440 these, 21,288 had more than 70% similarity between the sequences of interest and the reference 441 proteome and a mean length greater than 25 nucleotides. Finally, 7,799 were non-synonymous 442
and among them 1,932 were potentially deleterious (PROVEAN score <-2.5). 443
Figure 3 Relationship between the domestic introgression rate and the recombination rate in cM/Mb at different genomic scales. A) The whole genome scale; negative correlation between the log-transformed introgression rate (frequency among individuals) and the recombination rate (cM/Mb) for both early (in pink) and late (in blue) hybrids categories assessed with a generalized linear mixed models (GLM;
= -0.07, =-0.09; R²m=0.90, R²c=0.95; LRtest Recombination = 441.7, Hybrids = 60420, Hybrids_interaction =177.
57; p-value<2.2e-16). B) The linkage group level; slope coefficient of the GLM of the introgression rate and recombination rate models for each 42 Brook Charr linkage group for both early (in pink) and late (in blue) hybrid categories. The dot shapes represent the significance of each model with the dark circle and cross representing p-value<0.001 and p-value>0.001, respectively. C) The 2Mb sliding windows level; slope coefficient of the GLM of the introgression rate and recombination rate models of the late hybrids for each 2Mb sliding windows along the 42 Brook Charr linkage groups. Grey lines represent the 95% confidence interval.
At the genome scale, we did not detect any significant correlation between the residuals of the 444 linear relationship between local ancestry and recombination rate and the presence of 445 deleterious mutations, in both early ( = -0.0015; p-value= 0.6137) and late-generation 446 hybrids ( =-0.0114; p-value=0.0713) ( Figure Sup. 5) . At the linkage group scale, two linkage 447 groups (LGs 4 and 15) showed a negative relationship between the residuals and the presence of 448 potentially deleterious alleles for the early hybrids ( Figure Sup. 5A and B; LG4: R²=0.018, p-449 value=0.04; LG15: R²=0.02, p-value=0.028). For the late hybrids, two linkage groups showed a 450 significant negative correlation, LG7 (R²=0.02, p-value= 0.045) and LG41 (R²=0.20, p-value=0.01), 451
and two linkage groups showed a marginally significant positive correlation, LG20 (R²=0.01, p-452 value=0.059) and LG26 (R²=0.033, p-value=0.051), between the presence of potentially 453 deleterious alleles and residuals of the linear mixed model of domestic ancestry rate and the 454 recombination rate (Figure 4) . 
Discussion 461
The main goal of this study was to document the genetic outcomes of more than four decades of 462 stocking domestic Brook Charr into wild populations. To this end, we assessed genome-wide 463 patterns of domestic ancestry within 24 wild populations with different histories of stocking. We 464 more specifically considered the relationship between recombination rate and domestic ancestry 465 rate at different scales: (i) the whole genome, (ii) individual linkage groups and (iii) within 2Mb 466
windows. This allowed us to detect a wide range of patterns that can be attributed to different 467 evolutionary processes acting across the genome. Among these, the main factor modulating local 468 domestic ancestry was likely associative overdominance leading an increased frequency of 469 domestic ancestry within low recombining regions. This pattern might be explained by the 470 presence of mildly deleterious recessive mutations in the wild populations. At the regional scale 471 (i.e. chromosomes and 2Mb windows), inversed correlations were found which suggested local 472 selection against domestic ancestry. Our results highlight the importance of taking into 473 consideration genome-wide variation in both recombination and ancestry rates to understand 474 the evolutionary outcomes of human induced admixture. was good (Spearman's rho = 0.68, P < 10 -10 ), low proportions of domestic ancestry were not 484 detected in the previous study, which resulted in considering weakly introgressed individuals as 485 pure wild genotypes ( Figure Sup 2) . Moreover, thanks to the higher number of markers and their 486 positions we were able to retrieve the approximated length and number of domestic tracts 487 within each population. Consistent with theoretical predictions (Racimo et al., 2015) , we 488
observed an increase in the number of domestic ancestry haplotypes and a decrease in the mean 489 domestic haplotype length as a function of the number of years since the main stocking event. 490
This corroborates earlier findings by Leitwein et al. (2018) who suggested that the mean length of 491 foreign ancestry could be used as a proxy to retrieve the history of stocking practice. We indeed 492 observed a higher number of smaller introgressed domestic haplotypes for the lakes where 493 stocking has stopped earlier in the past. Additionally, the length and the number of domestic 494 tracts also allowed distinguishing among early and late-generation-hybrids within populations, 495
which is important as the lakes have undergone several successive events of supplementation. 496
Considering the time since hybridization by distinguishing early (i.e. F1, F2, and backcrosses of 497 first hybrid generations) and late-generation hybrids (i.e. individuals with small number of short 498 domestic haplotypes) is also important to assess the potential evolutionary outcomes of 499 supplementation. Indeed, selection is expected to be more efficient in later hybrid generations 500
when introduced domestic haplotypes have been sufficiently shortened by recombination. 501
502
General tendency of selective effects and putative deleterious mutations 503
Both the time since hybridization and the genomic scales (i.e. global versus local scales) were 504 important to assess the selective outcomes of gene flow between wild and domestic individuals.
505
At the genome-wide scale, we observed a negative correlation between domestic ancestry and 506 recombination rate for both first and late-generation hybrids. While we detected highly variable 507 selective effects along the genome, this negative correlation was also predominant at the linkage 508 group and at the local scales (i.e. 2Mb windows) for the late hybrid generations. Such negative 509 correlation could be the result of different evolutionary mechanisms. First, the presence of 510
beneficial mutations under positive selection which may locally increase the introgression of 511 foreign alleles in low recombining region where hitchhiking of neutral foreign alleles could occur 512 (Felsenstein, 1974; B. Charlesworth, 2009; Fay & Wu, 2000) . For example, adaptive introgression 513
of Neanderthal ancestry has been reported in modern humans and interpreted as an adaptation 514
to high altitude in Tibetan populations (Huerta-Sánchez et al., 2014) and the immune response 515 (Dannemann & Racimo, 2018; Racimo et al., 2015) . However, this mechanism is more likely to 516 explain local scale correlations than genome-wide patterns. Secondly, given the generally small 517 effective population size of these Brook Charr lacustrine populations (Gossieux, Bernatchez, 518 Sirois, & Garant, 2019), random drift may also be responsible for variable ancestry locally along 519 the genome (S. Martin & Jiggins, 2017) and is not expected to produce consistent patterns across 520 lakes. Thirdly, the most likely evolutionary mechanism that could explain the general negative 521 correlation would be a dominant effect of associative overdominance (Kim et al., 2018 and 20), we were able to detect an increase of domestic ancestry in the presence of deleterious 536 mutations which may reflect a positive effect (i.e. associative over-dominance) of the presence of 537 domestic ancestry. This is congruent with the hypothesis of temporary reduced genetic load, 538
caused by the masking of deleterious mutations, and resulting in an increase of introgressed 539 ancestry as observed in Kim et al. (2018) . This is also consistent with the expected higher 540 accumulation of deleterious mutations in small lacustrine Brook charr populations as observed in 541 were observed along the genome. In contrast to the general tendency, some linkage groups 547 displayed strong positive associations between the recombination rate and the domestic 548 ancestry rate, which might be explained by several mechanisms such as: (i) local variation could 549 reflect the stochastic outcomes of genetic drift (Martin & Jiggins, 2017 McFarlane & Pemberton, 2018). Here, we suspect that for the early hybrid individuals, the 581 admixture events were too recent for selection to efficiently occur and be detectable. 582
Continuously, in our late hybrids individuals, while the introgressed haplotypes are smaller than 583 the early hybrids individuals they are still long (~15Mbp) and selection would tend to act at the 584 block scale explaining the predominance of the associative overdominance effects. As a 585 consequence, the hybridization events studied here are still too recent to fully assess de long 586 term selective outcomes of supplementation. Indeed, while positive effect of associative 587
overdominance are predominant in our study, it is possible that later on maladaptative 588
introgressed domestic alleles reveal their individual effects, which could become detrimental for 589 the supplemented populations (Harris & Nielsen, 2016) . 590 591
Implications for conservation biology 592
Understanding the evolutionary outcomes of anthropogenic hybridization is of major concerns 593
for conservation biology and management (Allendorf, 2017 population carrying a small proportion of domestic ancestry might be of more interest from a 612 conservation standpoint compared to a population carrying a stronger one. This seems 613 particularly important when the history of supplementation is unknown, for instance due to illicit 614 stocking (Johnson, Arlinghaus, & Martinez, 2009 ). Moreover, the selective forces modulating the 615 introgression rate along the genome will be influenced by the length of introgressed haplotypes 616 which is dependent on both the number of generations since hybridization and the 617 recombination rate. As a result, both the time and the recombination rate variation are 618 important to understand the consequences (positive or negative) of hybridization with a foreign 619 population and better orient management decisions. Finally, applying such methods to non-620 model species are becoming more and more accessible and thus may be helpful in conservation 621
for a wide range of natural hybridization contexts. Martin et al., 2019). In our study we highlight the importance of the temporal dynamics of 628 hybridization and the genome-wide variation of the recombination rates, both resulting in a 629 complex interplay of multiple evolutionary processes occurring along the genome. By assessing 630 the pattern of introgression and recombination at three different scales (i.e. global, linkage group 631 and 2Mb windows size) we were able to provide a detailed picture of these antagonistic 632 evolutionary mechanisms (e.g., positive and negative selection) occurring along the genome. In 633 particular, our results show that the interplay between the recombination rate and the presence 634
of potentially deleterious recessive mutations may be responsible for these variable selective 635
patterns along the genome. Such variability of both selective forces and recombination rate along 636 the genome reflect the complexity of genome evolution and need to be considered before 637
drawing conclusions regarding the beneficial and/or negative effects of hybridization. Especially, 638
since an apparent beneficial outcome of hybridization during the early generations could be 639 detrimental in later hybrid generations when the individual effects of maladaptative loci are 640 being exposed (Harris & Nielsen, 2016 ). In the same way, the whole genome tendency could 641 display a general beneficial outcome of hybridization while analyses at the local scale could reveal 642 strong selection against maladaptative introgressed alleles. 643
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